l man (1957) investigated 123 patients who had undergone parotidectomy and, using the Ino.r starch-iodine test, demonstrated gustatory sweating in 100% of his cases. On direct qUestioning 62% of these cases had noted gustatory sweating but in only 13%was this classed s a.n embarrassing Occurrence. Laage-Hellman concluded that the phenomenon was an Inevitable sequel to parotid surgery but rarely was it severe enough to warrant treatment. Spirõ Martin (1967) reported an incidence of 59% following superficial or total parotidectomy. In alr of these cases the patients were severely embarrassed. E N Gleave (1977, personal communication) demonstrated an incidence of Frey's syndrome of 11.1% in cases of Pleomorphic salivary adenomata treated by capsular dissection, whereas recurrent adenomata treated by superficial lobe parotidectomy ultimately exhibited a 28.6% incidence of Frey's syndrome. Gleave suggests that the occurrence of Frey's syndrome may be related to the amount of parotid glandular tissue resected. GUstatory sweating has been reported in conditions and situations other than following par~ti d trauma. Haxton (1948) and Ashby (1960) recorded gustatory sweating associated with cervI~odorsal sympathectomy, and Wilson (1936) described the condition in syringomyelia. :hysI.ological gustatory sweating, usually bilateral and affecting the nose and~pper lip, was escnbed by Lee (1954) . Werde & Busch (1909) reported the cases of three families appearing ? demonstrate an hereditary tendency to facial sweating following olfactory stimuli. The Iterature abounds with bizzare isolated gustatory phenomena but probably the most remarkable is that chronicled by Mellinkoff & Mellinkoff (1950) of an infant with gustatory sWeating of the left knee when drinking milk.
Physiopathological considerations
.~he~hysiopathology of Frey's syndrome has been investigated by many authors and several e~nes have been put forward as to the cause. List & Peet (1938) postulated a hypersensitivity of the denervated sweat glands to acetYlcholine liberated from either the cut surface of the parotid or from adjacent cholinergic erve endings which were still intact. It was demonstrated that local injections of pilocarpine l l l d~ced a sweating reaction. Since this theory was postulated other .workers have failed tõ enfy the above findings in the first month following denervation when one would expect enervation sensitivity to be maximal (Laage-Hellman 1958a) . If the theory of List & Peet was orrect one would also expect heat stimulation to evoke a strong reaction through adjacent Intact cholinergic nerves, whereas most workers have demonstrated a diminished or absent resPonse (Needles 1936 , Laage-Hellman 1958b . The second theory postulated transaxonal excitation of a regenerated axon by adjacent nerves supplying a different end-organ. The possibility of this phenomenon occurring is facilitated by postoperative scarring approximating tissues, swelling of residual parotid glandular tissue or compression by nearby mobile structures such as the temporomandibular joint. Granit et al. (1944) demonstrated the fact that trans axonal excitation will occur experimentally, but to postulate this as the cause of Frey's syndrome demands the belief that the normal sympathetic innervation of the sweat glands in the overlying skin remains intact. The lack of response to thermal stimulation in this area following parotidectomy (Laage-Hellman 1958b; Needles 1936) shows that the normal sudomotor nerve supply is not present. This theory has, therefore, in the main been abandoned. Ford & Woodhall (1938) considered the possibility of misdirected regeneration ofaxons supplying a different end-organ as a possible factor in the aetiology of Frey's syndrome. These authors felt that parasympathetic fibres from the glossopharyngeal nerve, travelling with the auriculotemporal nerve, which were originally secretomotor to the parotid gland, become misdirected and eventually innervate the overlying sweat glands. This 'abberant regeneration theory' has gained wide acceptance (Gardner & McCubbin 1956 , Glaister & Hearnshaw 1958 , Hemenway 1960 , Hunt et al. 1966 , Ross 1970 . It is a well-documented fact that peripheral nerves, when sectioned, regenerate by neurofibril production. These neurofibrils will attempt to follow degenerating axon sheaths, but often become misdirected. Gross examples of axonal misdirection are seen in patients exhibiting the phenomenon of mass movement of the facial muscles following recovery from a lower motor neuron facial palsy (Young 1960) . Murray & Thompson (1957) showed regeneration along the same lines in the autonomic system experimentally in cats, and Ford & Woodhall (1938) recorded clinical cases.
Anatomical considerations
To understand further the physiopathological basis of Frey's syndrome and the surgical treatment outlined in this paper, it is necessary to examine the anatomical arrangement of the autonomic nerve supply to the parotid gland. The secretomotor parasympathetic preganglionic fibres destined for the parotid gland originate in the inferior salivary nucleus of the brain stem. The fibres leave the brain stem with the glossopharyngeal nerve and thence these fibres join a caroticotympanic branch of the internal carotid plexus to form the tympanic or Jacobson's nerve. This nerve enters the middle ear cleft through a bony cannaliculus between the internal carotid artery and the internal jugular vein. Within the middle ear a variety of branching occurs both in the hypotympanic cell system and submucosally over the promontory until the tympanic nerve leaves the middle ear through a small canal below the tensor tympani muscle. It is then known as the lesser superficial petrosal nerve and may receive a branch from the geniculate ganglion. Since there is no distinct anatomical division between the inferior and superior salivary nuclei, the possibility arises that some of the fibres which originate from the more rostral portion of the salivary nucleus and form the parasympathetic component of the facial nerve are destined, through this branch from the geniculate ganglion, to reach the parotid gland (Blumenfeld & Friedman 1967) .
The lesser superficial petrosal nerve reaches the anterior surface of the temporal bone and leaves the middle cranial fossa through the foramen ovale or the emissary sphenoidal foramen. Within the infratemporal fossa the preganglionic fibres relay in the otic ganglion with postganglionic fibres which then accompany the auriculotemporal branch of the mandibular nerve to the parotid gland. Within the otic ganglion there are also synapses between fibres from the chorda tympani and postganglionic secretomotor fibres destined for the parotid gland (Gray 1959) .
Treatment considerations
Over the past twenty-five years interest has occasionally been focused on isolated cases of Frey's syndrome and the problems of treatment. The backbone of therapy has been reassurance and explanation, and for many patients exhibiting only a mild degree of the condition this is still sufficient.
(I) 3% scopolamine cream applied topically has been advocated by several authors (Turner et a!. 1960 , Williams & Hughes 1961 , MacMillan 1964 with occasional successes but frequent sIde effects such as blurred vision, urinary retention and dry mouth.
(2) Resection of the auriculotemporal nerve (Coldwater 1954 , Gardner & McCubbin 1956 ?as been described with variable success. Technically the postparotidectomy scarring has made Identification of the nerve difficult and damage to the facial nerve has been reported. Several authors have recorded a recurrence of symptoms following auriculotemporal nerve sectioñ ccurring six to twelve months after neurectomy (Gardner & McCubbin 1956 , Glaister & earnshaw 1958 , Chisa 1964 .
(~Excision of the affected area of skin has been applied when only small localized areas have s own sweating. It should, however, be pointed out that small areas of involvement rarely cause embarrassing symptoms.
(4) X-ray therapy was proposed by Needles (1936) , but this author's single patient did not omplete the course of treatment. Therapeutic doses of the order of 5000 rad are required to estroy the sweat glands. This would seem excessive in the treatment of a completely benign Condition.
« 5) Injection of alcohol in the region of the otic ganglion has been discussed theoretically (Hemenway 1960) but dismissed because of the risk involved to the adjacent mandibular nerve . .;{ Intracranial sectioning of the glossopharyngeal nerve has been reported (Gardner & di cCubbin 1956 , Laage-Hellman 1958c with successful outcomes. It is, however, again
Ifficult to justify such a major surgical procedure. (7) Interpositional dermal grafts have recently been reported (Cassady 1977) in the dog as a Way to prevent aberrant parasympathetic regeneration and reinnervation of the overlying sweat glands. This work is still in the experimental stages, but may offer a prophylactic measure Combined with the possibilities of such a graft helping to fill out any cosmetic depressions re~ul tant on the parotidectomy. Silastic has been tried by the same author (Cassady 1977) but WIth an almost total extrusion rate. 8) Intratympanic sectioning of Jacobson's nerve, the treatment which falls into the operative eld of the otologist, was first proposed by Hemenway (1960) . This author did not perform the operation for gustatory sweating and Golding-Wood (1962) was the first to report 3 cases !reated by this method; he drew attention to the possibility of resecting the chorda tympani for ncompl ete resolution of the gustatory symptoms. Since these first cases, isolated reports have R en published of tympanic neurectomy in Frey's syndrome (Blumenfeld & Friedman 1967 , um et al. 1966 , Ross 1970 . Ross (1970) incorporated peroperative stimulation of the tYmpanic nerve during stapedectomy and showed a tenfold increase in the salivary flow from the parotid duct. Stimulation of the chorda tympani peroperatively failed to alter the parotid secretion significantly. In 5 cases of Frey's syndrome, peroperative stimulation of the tympanic nerve was shown, by the Minor starch-iodine test, to produce sweating over the clinically affected area. This work corroborates similar work in monkeys by G A Gates and W Litton (Ross 1970) and is strong evidence in favour of intratympanic sectioning of the tympanic nervẽ o relieve gustatory sweating following parotidectomy. Tympanic nerve section in rabbits has een Shown to produce parotid acinar atrophy (Wallenborn 1968 ).
Materials and method
Jfe present study consists of 15 patients (6 male, 9 female), ranging in age from 23 years to I years, who were referred to the Department of Otolaryngology at Manchester Royal hnfi rmar~with embarrassing gustatory sweating following parotid surgery. All the patients I a~pre.vlOusly undergone either superficial lobectomy or total parotidectomy for the pathotoglcal indications shown in Table 1 . Five patients had had bilateral parotid surgery, 4 of hes e developing severe bilateral gustatory sweating. The latent period between parotidectomy and the onset of gustatory sweating in this series of 19 cases in 15 patients lay between 2 months t:72months,wi th all but one case occurring in the first 18 months. These cases follow closely at symptomatic pattern described by other authors (Hemenway 1960 , Hunt et al. 1966 , umenfeld & Friedman 1967 , Laage-Hellman 1957 , 1958a . Prior to undergoing tympanic nerve section the patients were tested for gustatory sweating. Until 1977 patients were tested using the Minor starch-iodine method, but recently patients have been examined after preparation of their faces with cobalt chloride in absolute alcohol. There would appear to be little to recommend one method more than the other, either for clinical mapping of the area involved by gustatory sweating or in photographic recording.
The operation
The surgical approach to the middle ear is a modification of the transmeatal approach described for tympanosympathectomy (Lempert 1946) . A tympanomeatal flap is elevated and reflected with the fibrocartilaginous annulus forwards and upwards. The tympanic nerve is usually seen lying a few millimetres anterior to the round window niche, traversing the promontory submucosally accompanied by a prominent blood vessel. The nerve is traced inferiorly into the hypotympanum, the cell system of which is variable both in extent and anatomical configuration (Allam 1970) . With careful removal of the postero-inferior canal wall at the annulus, and the hypotympanic cells, the nerve may be traced to its cannaliculus, at which level it is divided. As great a length of nerve as is practicable is removed. Careful searching must be performed for possible hypotympanic branches which may proceed anteriorly before crossing the medial wall near the opening of the eustachian tube orifice. Occasionally the nerve may be partially or wholly in a bony tunnel and great care must be exercised near the promontory if one is drilling to expose the nerve. After resection of the nerve the cannaliculus may be plugged with bone wax and the inferior end of the cut nerve may be diathermized in an attempt to prevent collateral sprouting. The tympanomeatal flap is then repositioned and Gelfoam (absorbable gelatin sponge) and a light dressing are placed in the external canal.
Results
Although 19 cases in 15 patients were considered for tympanic nerve section, only 17 primary neurectomies were performed. The 2 cases not receiving surgery were both the second sides of bilateral cases. In one case the patient developed severe diabetes shortly after the first operation and, in the second case, the patient suffered a severe myocardial infarction six months after the first operation. Of the 17 primary tympanic nerve sections, 9 experienced total relief, 2 satisfactory relief and 6 severe recurrent sweating (i.e. 8 of 17 developed recurrent sweating).
All the patients treated were totally symptom free for the first two days, but the 8 recurrent cases developed their sweating between two days and six weeks after the primary neurectomy. These 8 patients were all improved by the operation, but only 2 were satisfied with the reduction in their symptoms. No patients have had a recurrence of their symptoms after a sixweeks symptom-free period. It is difficult to explain the delay of up to six weeks before the recurrence of gustatory sweating in the patients where primary tympanic neurectomy failed, but this has been reported by other authors (Blumenfeld & Friedman 1967 , Ross 1970 . The most widely-held belief is that during the initial surgery a hypotympanic branch is missed but this branch undergoes a neuropraxia due -to manipulation in its close vicinity. Surgically, therefore, it is important to explore the hypotympanum carefully for other branches and make every endeavour to divide the nerve as low as possible.
Of the 6 cases showing an embarrassing recurrence of their symptoms, 4 underwent re-eX~l orati on (Table 2) . Following this, the overall results of the 17 cases showed II with total rehef, 3 with satisfactory relief, I failure and 2 awaiting further exploration. 
Morbidity
All.the patients were assessed prior to surgery by audiometric analysis. Following surgery no patients have suffered an alteration in their auditory acuity. One patient has, however, developed a small posteromarginal perforation which is, at present, symptom free, and one of the re-explorations developed an acute otitis media six weeks after surgery with a resultant small central perforation.
Conclusion
In severe Frey's syndrome, tympanic neurectomy would seem, at present, to be the treatment of choice for the relief of gustatory symptoms with the least disturbance to the patient. In the study presented, II of the 17 cases were satisfactorily relieved of their symptoms by primary tYmpanicneurectomy, and 14 of the 17 were relieved if one includes the re-exploration cases in which chorda tympanectomy was added. It is not proposed that chorda tympanectomy be combined in the primary procedure as this may significantly reduce the salivary production by te submandibular gland on that side. This reduction may be of considerable importance if a ?I1ateral parotidectomy has already been performed and the possibility must be entertained of Inducing a very dry mouth which, to the patient, may be a greater problem than the gustatory SWeating. It is advocated that when carrying out primary tympanic neurectomy, great care and attention should be devoted to the exploration of the hypotympanum, as missing a hypotympanic branch would seem to be the most likely cause of failure, together with possible other parasympathetic relays discussed earlier which are inaccessible to surgical division.
Summary
The history of Frey's syndrome is explored together with its physiopathological and anatomical basis. A study of 19 cases of parotidectomy in 15 patients is reviewed and the results of 17 tympanic neurectomies presented.
